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RECENTLY several epidemiological in-
vestigations have been reported, showing
an association between coffee drinking and
cancer of the lower urinary tract (Cole,
1971; Fraumeni, Scotto and Dunham,
1971; Bross and Tidings, 1973; Simon,
Yen and Cole, 1975), and renal pelvis and
ureter (Schmauz and Cole, 1974). Shen-
nan (1973) produced a strong correlation
between coffee consumption and national
mortality rates from renal cancer. Arm-
strong, Garrod and Doll (1976), however,
found no association between coffee drink-
ing and the incidence ofrenal cancer. To
study the carcinogenic activity of coffee,
we started the following experiment, in
which rats received a solution of coffee
instead of drinking water for a long time,
or coffee solution accompanied by a single
low dose of cycasin.
Four groups of Sprague-Dawley rats,
3 weeks old, of both sexes, were used as
experimental groups.
Group I.-IO male and 10 female rats
were given coffee solution ad libitum
instead of drinking water until the end of
the experiment (480 days). To prepare
the coffee solution, 2 g of Brazil coffee
powder was immersed in 100 ml of boiling
tap water for 5 min; the solution was then
cooled and filtered with a cotton cloth.
The strength of the coffee solution thus
prepared was approximately equal to that
of coffee normally drunk by man.
Group I.-10 male and 10 female rats
received coffee solution for the first 120
days, on the 121st day they were given
cycasin 150 mg/kg by stomach tube, and
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then tap water until the end of the
experiment.
Group III.-II male and 11 female
rats were given tap water for 120 days.
They were then given cycasin 150 mg/kg
on the 121st day, and coffee solution for
the next 120 days, thentheywerereturned
to the tap water.
Group IV.-10 male and 10 female rats
received tap water throughout the experi-
ment. On the 121st day, they were given
cycasin 150 mg/kg.
Another group of 10 males and 10
females served as controls without any
treatment. Rats in each group were fed
the rat basic diet CE-2 (CLEA Japan Inc.,
Tokyo).
The average daily volume of liquid
consumed per rat in each group, whether
given the coffee solution or the tap water,
was about 40 ml. In Group I, 18 rats sur-
vived beyond 200 days. However, neither
tumours nor histological changes which
might have been the effects of coffee were
observed. Five and 7 rats in Groups II
and III, respectively, which survived
beyond 200 days after the start ofexperi-
ment, developed several kinds oftumours,
including colo-rectal adenomas and breast
adenoma. One rat in Group IV had a
kidney nephroblastoma. One rat in the
control group had a breast adenoma
(Table).
Statistical analysis of the incidence of
tumours was carried out by combining
Groups II and III, since the incidence of
tumours in Groups II and III was similar
and the only difference between the twoH. MORI AND I. HIRONO
TABLE-Tumour Incidence in 5 Groups of Rats
Tumours
Group
I (coffee alone)
II (coffee + cycasin)
III (cyeasin + coffee)
IV (cycasin alone)
Control
No. of
animals
20 M 10
F 10
20 M 10
F 10
22 M 11
F 11
20 M 10
F 10
20 M 10
F 10
Effective
no. of
animalsa
18
18
17
18
16
M 8
F 10
M 8
F 10
M 9
F 8
M 8
F 10
M 9
F 7
Breast Ear duct
Colon Adenoma Squamous
and Kidney and cell
rectum Nephro- adeno- carci-
Adenoma blastoma carcinoma noma I
1
1
2
1
1
1 1
1
Lym-
phatic Skin
leukaemia tumour
lb
1
IC
a Rats surviving beyond 200 days. bFibrosarcoma. cLipoma.
treatments was in the order ofadministra-
tion of cycasin and coffee. Fisher's exact
test applied to the data in the Table indi-
cated a significant difference in the inci-
dence of tumours between the combined
group (II + III) and each of the remain-
ing groups (I, IV and Control) for each of
the corresponding 2 x 2 contingency
tables (P = 0'003, 0-020 and 0-031 respec-
tively). Similarly, an extended exact test
(Freeman and Halton, 1951) was made for
the 2 x 4 contingency table, including the
4 groups, and the test indicated a signifi-
cant difference (P = 0.00047). The ad-
dition of coffee to cycasin increased the
incidence of tumours (Groups II and III
compared with Group IV), whereas coffee
by itself did not (Group I, compared with
the control group). As a test for the dif-
ference between the effects of coffee with
and without cycasin, the following
quantity was calculated:
coffee when cycasin is present, compared
with when it is not, is found to be statisti-
cally significant (P<0 01).
In rats given coffee or cycasin alone,
tumours were scarce. However, rats in
the groups which received both coffee and
cycasin showed a high incidence of
tumours, particularly colo-rectal adeno-
mas. Prejean et al. (1973) reported that
spontaneous colo-rectal tumours were not
found in Sprague-Dawley rats. It was
also reported that intestinal tumours were
frequently observed in rats given a much
higher dose of cycasin (Hirono, Laqueur
andSpatz, 1968). Therefore,theseintesti-
nal tumours are considered to be induced
by the combination of coffee and cycasin.
Statistical analysis indicated that there
was a significant interaction between the
two. It is conceivable that coffee could
promote carcinogenesis activity, such as
intestinal tumorigenesis in rats. Challis
CR (P2 - PI) - (P3 - P4)
C/p2(1-P2) + pi( - PI) + P3(1 -P + p4(1-P4)
^/ n2 nl n3 n4
where Pi and P2 are the tumour incidence
in Group I and the combined group
(II + III), and p3 and p4 are the tumour
incidence in Groups IV and Control,
respectively. This computed CR was
larger than 3, so the differential effect of
and Bartlett (1975) have reported the
possibility of a cocarcinogenic effect of
chlorogenic acid, a constituent of coffee.
Results obtained in the present study
support their proposal. Further experi-
ments are being carried out.
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We are grateful to Dr K. Fujita,
Department ofPhysics, Faculty ofEduca-
tion, Gifu University, for his kind advice
on the statistical analysis.
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